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Fascination with modern techniques of molecular biology,
and the ability to have more insight into the structure and
mechanism of gene activity should not lead to disregarding
classical genetics. The most important genetic theories
were formulated before the discovery of the role of DNA in
inheritance, and long before the introduction of genetic
engineering techniques.
Most studies carried out to analyse karyotypes have
referred to mammals and man. At first, efforts were made
to determine the number and correct image of chromo-
somes. More dynamic development of cytogenetic research
was observed after the role of incorrect chromosome set
was determined on the basis of some syndromes of human
development disorders e.g. Down syndrome, Turner syn-
drome, or Klinefelter syndrome (CASPERSSON et al., 1968).
The development in the field was facilitated by the identi-
fication of cell physiological needs. It enabled researchers
to proliferate cells outside the organism in vitro and then
to subject them to various analyses. KNUDSEN (1958) was
the first experimenter to prove that disorders in the meiosis
process cause infertility in bulls. In contrast, GUSTAVSSON
(1969) showed that fusion of chromosomes in farm cattle
leads to their reduced fertility. The results of these investi-
gations inspired scientists from other countries to initiate
routine diagnoses of chromosomes in other species. It
resulted in rapid research on mammal chromosomes, in
breeding animals in particular.
The issue of cytogenetic analysis in breeding animals is
connected with birds, especially waterfowl whose genome
is the least examined. The stagnation in the studies follows
from the fact that the avian karyotype has got specific
properties. A typical bird karyotype consists of several or a
dozen and more macrochromosomes and approximately
60 microchromosomes (CHRISTIDIS, 1989; CRAWFORD,
1990). The only systematically arranged description of
bird chromosomes is the domestic chicken karyotype con-
sisting of eight pairs of macrochromosomes and 31 pairs of
chromosomes which are cytologically indistinguishable.
Such a chromosomal arrangement as well as the fact that
females are heterogametic made it possible to classify theGallus karyotype to be typical of birds (TAKAGI and SASAKI,
1974; TAGELSTÖRM and RYTTMAN, 1981; TAGELSTÖRM et al.,
1983; RODIONOV, 1996; SMITH et al., 2000).
Also, as compared to other avian species, the chicken
genome is the most studied. The first genetic map for
Gallus was published by HUTT in the year 1936. The map
has been repeatedly revised and updated, especially since
in the 1992ies the project of chicken genome mapping was
launched (BITGOOD and SOMES, 1990, 1993; SCHMID et al.,
2000).
The works of International Consortium for Genome
Sequencing of Chickens led to sequencing the genome of
chicken in the year 2004. The comparison of chicken and
human genomes showed that many DNA sequences
preserved their conservatism despite 300 million years of
evolutionary separation of birds and mammals. The
chicken genome, being the only mapped bird genome, is a
reference point in the studies on other bird species and
mammals, including man (ICGSC, 2004; MASABANDA et al.,
2004; SCHMID et al., 2005).
There were few incidental attempts to identify a larger
number of chromosomes after applying chemical reagents
such as methotrexate or thymidine, both retarding chro-
mosome condensation (CARLENIUS et al., 1981; SASAKI,
1981).
A large number of chromosomes and the presence of
microchromosomes in the bird karyotype impelled cyto-
geneticists to search for other information sources about
chromosomes. Meiotic chromosomes proved to be a
valuable source material for karyotype analysis.
In successive generations of organisms characterised by
sex reproduction cell division called meiosis assures the
stability of the number of chromosomes. Meiosis is usually
presented as a process during which a cell undergoes
totally different stages characterised by the specific
makeup and behaviour of chromosomes (MACGREGOR and
VARLEY, 1988).
The process of meiosis is commonly observed in males
because spermatocytes are relatively small, their number is
large and they are easily accessible for analysis. An obser-
vation of chromosomes in female poultry is limited by the
egg cell’s large size, technical difficulties in obtaining
chromosomes from such an egg and the fact that their
number is small compared with spermatocytes. Most often
meiotic chromosomes are analysed in the cell in the stages
of pachytene and diplotene of the first meiotic division.
The cells typical of the second meiotic division are sparse.
Thus, colchicine and vinblastine sulphate are applied to in-
crease the number of cells (FECHHEIMER, 1990). The studies
by MACGREGOR and VARLEY (1988) provided information onArch.Geflügelk. 3/2008
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Figure 1. Meiotic chromosomes – early prophase of the first
meiotic division – a preparation stained with Giemsa.
Meiotische Chromosomen – frühe Prophase der ersten meiotischen
Teilung (Giemsa-gefärbtes Präparat)enormous variation in meiotic chromosomes even within
the organisms belonging to one and the same species.
Some species representing salamanders of Batrachaseps
genus were characterised by a specific phase of chromo-
some dispersion between pachytene and diplotene, where-
as in other species such a phase was not observed.
The number of observations carried out on meiotic
chromosomes of Gallus domesticus is limited compared
with mitotic chromosomes. MILLER was the first to observe
meiosis in Gallus domesticus in 1938. The material he used
consisted of cock spermatocytes, and he found 39 or 40
bivalents in metaphase I (FORD and WOOLLAM, 1964). Simi-
lar investigations were carried out by OHNO (1961) who
determined 39 bivalents in Gallus domesticus. Moreover,
he found that the behaviour of micro- and macrochromo-
somes was the same during meiosis. The aforementioned
research included only diakinesis and the phase which
precedes meiosis, and were carried out on a small number
of cells obtained from a few animals (specimen). Extensive
information on meiotic chromosomes and meiosis course
in chickens were presented in the work by POLLOCK and
FECHHEIMER (1978). The still scarce knowledge about the
genome and karyotype of geese whose breeding and
rearing is economically significant in Poland was the
motivation behind the studies described in the present
paper.
The aim of the studies reported in the present paper was
to present the process of spermatogenesis as exemplified
by meiotic divisions in reproductive cells of European
domestic goose being the representative of Anser anser
species.
Material and methods
Meiotic chromosomes were isolated from testicles of
16-week-old ganders of European domestic goose accord-
ing to the methodology of obtaining meiotic chromosomes
elaborated for cockerels of Gallus domesticus species
(POLLOCK and FECHHEIMER, 1978). Dry preparations were
stained with Giemsa solution for 20 min and assessed
under a light microscope Olympus BX 50. Moreover, the
preparations were stained with silver nitrate following the
technique of HOWELL and BLACK (1980) in order to identify
nucleoli in prophase of the first meiotic division, and with
the DAPI complex (SCHWEIZER et al., 1978) so as to reveal
homologous chromosomes within bivalents.
The computer analysis of the images read in was carried
out using the Multiscan system of image analysis. Out of all
the preparations obtained from 10 ganders only the
fragments with visible structures of typical meioses were
photographed. The analysed and sharpened photographs
were arranged in a logical sequence corresponding to the
course of spermatogenesis in ganders.
Results
Microscopic preparations were analysed following the
methodology presented with respect to the presence of
structures typical of meiosis. Among the preparations
examined there were observed chromosomes in a form of
long looped strands characteristic for early prophase
(Figure 1a), as well as separating bivalents observed in
pachytene of prophase of the first meiotic division
(Figure 2a). An application of the DAPI complex made it
possible to observe homologues within a bivalent
(Figure 2b). The next figures show the course of meiosis in
domestic geese males.Arch.Geflügelk. 3/2008Figure 3a presents early prophase of the first meiotic
division – the leptotene stage. Chromosomes shown in the
picture are in the form of long thin strands within which
chromatids cannot be distinguished. It is not possible to
distinguish individual chromosomes which are so decon-
densed that they appear in the form of one looped chroma-
tin strand. Figure 3b also depicts chromosomes during
early prophase. Gradual chromatin condensation, which
takes place during the whole prophase, reduces chromo-
some looping and it is possible to distinguish individual
strands. Still, there is no possibility of distinguishing sepa-
rated chromosomes. Figure 3c shows an image of bivalents
in the spermatocytes of order I in the stage of late zygo-
tene. As a result of progressive chromatin condensation
individual chromosomes can be observed. Still, they are
long with indistinguishable chromatids. At this stage of
prophase macrochromosomes and microchromosomes can
be distinguished. It is still impossible to identify individual
homologous chromosomes as they are conjugating on their
whole length. Figure 3d presents chromosomes in the
spermatocytes of the first order at late pachytene. Due to
progressing chromatin condensation individual bivalents
are already distinguishable. Individual bivalents can be
seen because they lie loosely on the whole equator surface
of the cell. In some cells no bivalent homologous chromo-
somes can be recognised yet as they conjugate at their
whole length – arrows have been used to indicate places
where the synaptonemal complex has begun to degrade.
Figure 3e shows a chromosome image characteristic for
the stage of early diplotene. The cell is getting ready for
chromatid recombinations (crossing-over). The bivalents
are beginning to split into chromatids, in some places of
the chromosome chiasms (indicated with arrows) can be
noticed. Meiotic chromosomes at the stage of early diaki-
nesis are presented in Figure 3f. Clearly visible chiasm plac-
es, revealed under the influence of gradual chromosome
condensation, have been indicated with arrows. At this
stage the chromosomes have completed recombination.
During the whole prophase nucleoli do not undergo
degradation. Various number of nucleoli (indicated with
112 Andraszek and Smalec: Spermatogenesis process in domestic goosearrows) connected with bivalents as well as their different
size were observed on the preparations (Figure 4).
Chromosomes in metaphase of the second meiotic
division are presented in Figure 5a. At this stage once
again no individual chromosomes can be distinguished.
Their number is half the number of chromosomes inmetaphase of the first meiotic division. Figure 5b shows
anaphase of the second meiotic division. After the degra-
dation of division spindle, sister chromatids migrate to-
wards opposite cell poles. Chromosomes during telophase
of the second meiotic division are presented in Figure 5c,
and exemplary mature spermatids are shown in Figure 5d.
Figure 2. Meiotic chromo-
somes – pachytene of the
first meiotic division – a
preparation stained with
Giemsa (a) and DAPI (b).
Meiotische Chromosomen –
Pachytän der ersten meioti-
schen Teilung (Giemsa-ge-
färbtes Präparat (a) und
DAPI (b))
Figure 3. Meiotic chromo-
somes – prophase of first
meiotic division (a – lepto-
tene, b – early zygotene, 
c – late zygotene, d – late
pachytene, e – early diplo-
tene, f – early diakinesis).
Meiotische Chromosomen –
Prophase der ersten meioti-
schen Teilung (a – Leptotän,
b – frühes Zygotän, c – spä-
tes Zygotän, d – spätes Pa-
chytän, e – frühes Diplotän,
f – frühe Diakinese).Arch.Geflügelk. 3/2008
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Specific properties of bird karyotype described in the
introductory section are a stimulus for cytogeneticists to
search for other sources of information on chromosomes.
A perfected method of band analysis, based on the use of
high resolution bands (HRT), is mainly applied in man in
specialist medical studies (LEMIEUX et al., 1990). This kind
of research in birds has been sporadic (CARLENIUS et al.,
1981; SASAKI, 1981). A way to more thoroughly investigate
the bird karyotype is to use meiotic chromosomes isolated
from male generative cells.Arch.Geflügelk. 3/2008In the available literature no description of similar
studies carried out in geese has been found. However, an
analysis of the meiosis process, whose main focus was on
the structure of bivalents, was carried out in Gallus domes-
ticus males (POLLOCK and FECHHEIMER, 1978). The authors
analysed the course of meiosis process and chromosomes
in all its phases as well as the chiasm number in the largest
bivalents. Chromosomes in all the stages of meiosis were
examined in the present work. Moreover, the number of
chiasms on bivalents was determined. Investigations into
the structure of synaptonemal complexes in both sper-
matocytes (KAELBLING and FECHHEIMER, 1983; 1985) and
Figure 4. A cells with differ-
entiated number and size
of nucleoli (arrows point to
the nucleoli).
Zellen mit unterschiedlicher
Anzahl und Gröβe der Kern-
körperchen (Kernkörperchen
werden mit den Pfeilen
bezeichnet).
Figure 5. Meiotic chromo-
somes – second meiotic
division (a – metaphase,
b – anaphase, c – telophase,
d – spermatids.
Meiotische Chromosomen –
die zweite meiotische Teilung
(a – Metaphase, b – Anapha-
se, c – Telophase, d – Sper-
matide)
114 Andraszek and Smalec: Spermatogenesis process in domestic gooseoocytes (RAHN and SOLARI, 1986; SOLARI, 1977; SOLARI et al.,
1988) constitute a separate group of studies on meiotic
chromosomes in Gallus.
The current paper presents meiosis in goose spermato-
cytes and special attention is paid to its first phase during
which crossing-over takes place. It is a process that assures
an occurrence of recombinant variability in organisms.
Moreover, an analysis of nucleoli during meiotic prophase
is an alternative source of information on an activity of
rRNA coding genes.
Examinations of the structure of meiotic chromosomes
extend to include an analysis of synaptonemal complexes.
The studies of this kind were carried out on meiotic
chromosomes of common fox ( WITO SKI, 1988) and
domestic pig (S OTA, 1998). A broad elaboration on synap-
tonemal complexes in domestic animals can be found in a
review by WITO SKI and STRAZINGER (1988). An analysis of
synaptonemal complexes in poultry was carried out mainly
in Gallus domesticus. KAELBING and FECHHEIMER (1983,
1985) as well as SOLARI et al. (1988) analysed synaptone-
mal complexes in cocks in detail, in respect to chromosom-
al translocations and centric fusions.
The research results presented in the present paper do
not include observations of synaptonemal complexes
which are protein structures occurring in a cell only in
zygotene and pachytene. The cells in the remaining stages of
meiosis have not been described, either. The cells observed
during the second meiotic division represent a category of
cells the least observable in the cytogenetic analysis of
reproductive cells, and, if at all viewed under the micro-
scope, their distinguishability is not obvious enough to
prepare their description (MACGREGOR and VARLEY, 1988).
What seems interesting is an analysis of successive
stages of spermatogenesis in geese from the point of view
of reproduction, especially in comparison with the sperma-
togenesis in Gallus domesticus. SOLARI et al. (1988) ob-
served synaptonemal complexes in chicken ovaries two to
three days before hatching. In contrast, in one-day geese
developed bivalents were observed only within macrochro-
mosomes and in a small proportion of analysed cells
(unpublished personal study). This finding supports the
proposition that geese mature later than chickens. In
Gallus domesticus cocks, primary spermatocytes appear
in, respectively, the 6th or 8th week of age according to
whether they belong to a heavy or light breed whereas
secondary spermatocytes appear between 10 and 12 week,
respectively, and spermatids – between 14 and 16 week of
age (RZ SA, 2005). The presence of spermatids in
16-week-old geese may prove that these birds compensate
for the slow meiosis rate in the initial phase of sperma-
togenesis. Although they reach full reproductive maturity
later than chickens, the spermatocytes in both species
appear in the same moment of their life.
In conclusion, analysis of meiotic chromosomes during
the spermatogenesis process supplements information on
avian, in particular waterfowl, cytogenetics, the waterfowl
genome and karyotype being the least known among all
the economically utilized animal species.
Summary
A large diploid number typical of birds and the presence of
microchromosomes restrict a cytogenetic analysis in
poultry. Standard methods of chromosome analysis do not
allow an identification of chromosomes. As a result, alter-
native methods based on meiotic chromosome analysis are
applied. The studies carried out made it possible to obtain
meiotic chromosomes of ganders.
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AChromosomes at different stages of meiosis were ar-
ranged according to their structure during spermatogene-
sis. The results presented are the only study on bird
meiosis, and they can be as well treated as a material appli-
cable in goose cytogenetics and reproduction biology but
also as a teaching aid.
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Zusammenfassung
Verlauf der Spermatogenese am Beispiel der Meiose 
bei der Europäischen Hausgans (Anser anser)
Die zytogenetische Analyse der Vogel-Genome wird durch
die für Vögel charakteristischen Mikrochromosomen und
die große Anzahl diploider Chromosomen erschwert. Die
Standardmethoden der Chromosomenanalyse sind nicht
geeignet, die Mikrochromosomen sicher zu identifizieren.
Bei Gantern der Europäischen Hausgans wurde daher alter-
nativ die Analyse meiotischer Chromosomen herangezogen.
Die Chromosomen in den verschiedenen Phasen der
Meiose wurden nach ihrem Aufbau während der Sperma-
togenese angeordnet. Die vorliegende Untersuchung lie-
fert die einzigen wissenschaftlich fundierten Ergebnisse
zur Meiose bei Vögeln. Die Ergebnisse können sowohl in
der Zytogenetik als auch in der Reproduktionsbiologie bei
Gänsen verwendet werden. Ferner können sie als Anschau-
ungsmaterial in der Ausbildung dienen.
Stichworte
Gans, Anser anser, meiotische Chromosomen, Meiose,
Spermatogenese
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